INTRODUCTION
============

Identification of causative antigens is generally performed using methods of allergen-specific IgE antibody tests, skin allergy tests (e.g., intracutaneous and scratch tests), and allergen-induced tests. Serum specific IgE tests based on the fluorescence-enzyme immunoassay, chemiluminescent enzyme immunoassay, and enzyme immunoassay are often favorably chosen in clinical settings owing to the capability of testing different allergen-specific IgE antibodies with relatively high specificity \[[@B1]\]. However, there are often cases in which patients show no symptoms despite detection of allergen-specific IgE antibodies. As with sensitization just below the threshold, it has been recently suggested that one of the possible causes of these false positives may be a cross-reaction of allergen-specific IgE antibodies with cross-reactive carbohydrate determinants (CCDs) specific antigens \[[@B2][@B3]\].

The carbohydrate structures of glycoprotein allergens in pollen and food are partially identical to each other; it is reported that patients who are sensitized to pollen allergens may not have any symptoms when allergy is induced by oral food challenge despite the presence of specific IgE \[[@B4][@B5]\]. In fact, it has been reported that glycoproteins of Cry j1 and Jun a1 (Japanese cedar pollen allergens) and Cha o1 (Japanese cypress pollen allergen) share these similar structures \[[@B6][@B7][@B8]\]. The carbohydrate structure of CCDs was initially identified as a N-linked oligomannose-type carbohydrate chain with β1,2-xylose and α1-3 fucose branches linked to bromelain, a thiol protease present in pineapple \[[@B9]\]. Glycoproteins from bromelain, horseradish peroxidase (HRP), and ascorbate oxidase (ASOD) are also known to share similar specific IgE binding structures in plant CCDs against which specific IgE antibodies can be produced \[[@B3][@B10]\]. However, unlike allergens, these glycoproteins show less type I hypersensitivity reaction-inducing capacity and less association with the presence of clinical symptoms. This may be attributed to the monovalent structure of most CCD-glycoproteins, where cross-linkages between the CCD and the anti-CCD-specific IgE antibodies on the mast cell membrane are not formed, thus prohibiting degranulation and the release of chemical transmitters (e.g., histamine) \[[@B11][@B12][@B13]\]. In patients who show no clinical symptoms despite the detection of specific IgE antibodies to allergens (e.g., pollen), these false positive results may be attributed to cross-reactivity, in which the CCD-glycoprotein specific IgE in serum may be nonspecifically bound to pollen allergens due to the absence of allergen-specific IgE antibodies.

In this study, we evaluated the potential interference of 4 common types of CCDs on the diagnosis of pollen allergies. We report our findings as well as a review of previously published reports on CCD.

MATERIALS AND METHODS
=====================

Samples
-------

To assess the impact of CCD interference, we first evaluated the presence of CCD-specific IgE antibodies in serum samples from patients with complaints of the common nasal symptoms of pollen allergy (e.g., nasal discharge, stuffiness, and sneezing). In order not to occur difference of time of taking blood samples, and to obtain and examine as many data of average adults as possible, after conducting a survey on the subjective symptoms of pollen allergy, testing was performed for pollen- and CCD-related allergen-specific IgE antibodies in a general adult population who participated in a medical examination. An inhibition test was used to evaluate in vitro cross-reactivity between CCD- and pollen-specific IgE antibodies. Additionally, we analyzed possible associations with food allergy and evaluated the test results based on the presence of asthma symptoms, smoking and drinking habits, serum cholesterol and triglyceride levels, obesity, prevalence of pollen allergy, and the detection frequency of CCD.

### Patients who visited our hospital with main complaints of pollen allergy symptoms

We evaluated 129 outpatients (male, 63; female, 66; mean age, 44.7 years; range, 11--86 years) who visited the Department of Otorhinolaryngology, Juntendo University from October 2010 through March 2011, with complaints of seasonal symptoms such as nasal discharge, stuffiness, sneezing and/or ocular itching, and gave informed consent.

### Employees who participated in a health screening

We evaluated 322 employees of SHiDAX (male, 255; female, 67; mean age, 40.7 years; range, 20--67 years) who participated in a health screening during October 1--23, 2012.

### Measurement of allergen-specific IgE antibody titers in serum

Serum samples were collected from the venous blood of subjects and were preserved at −20℃. IMMULITE 2000 Systems 3 g Allergy (Siemens Healthcare GmbH, Erlangen, Germany), a chemiluminescent enzyme immunoassay, was used for measuring the specific IgE antibody titers to the following allergens: pollen of Japanese cedar, Japanese cypress, orchard grass, and ragweed; CCD allergens of MUXF, bromelain, HRP, and ASOD; and food allergens of wheat and soybean. The titer levels were defined as negative when \<0.1 IU~A~/mL, slightly positive between 0.1--0.34 IU~A~/mL, and positive when ≥0.35 IU~A~/mL.

Inhibition test
---------------

CCD extracts were diluted in phosphate buffer solution to prepare the inhibitor solution. Ten-fold serial dilutions (undiluted, 1/10, 1/100) of the inhibitor solution were prepared. The dilutions were individually dispensed into patient samples and into IgE negative serum used as the negative control. These mixtures with the inhibitor and sample were mixed well and incubated at room temperature for 1 hour prior to testing for pollen-specific IgE antibody titers.

The study protocol was approved by the Institutional Review Board of the Juntendo Urayasu Hospital (No. 22-41) and Kyorin University (No. 427). This study was conducted in accordance with the principles of the Declaration of Helsinki.

RESULTS
=======

Expression analysis of pollen- and CCD-specific IgE antibodies in symptomatic pollen-allergic patients
------------------------------------------------------------------------------------------------------

One hundred twenty-nine patients with complaints for the common symptoms of pollen allergy, including nasal discharge, stuffiness, and sneezing were enrolled to be tested for pollen allergen-specific IgE antibodies. In this population, specific IgE antibodies to Japanese cedar, orchard grass, and ragweed were evaluated as the common pollen allergens in Japan. The numbers of positive samples were: 79 for Japanese cedar (61.2%), 30 for orchard grass 30 (23.3%), and 11 for ragweed (8.5%) ([Table 1](#T1){ref-type="table"}). In addition, CCD-related antigen-specific IgE antibodies were evaluated using MUXF, bromelain, HRP, and ASOD as the known CCDs. The number of cases with detectable specific IgE to each CCD was as follows: 3 for MUXF (2.3%), 13 for HRP (10.1%), 7 for bromelain (5.4%), and 7 for ASOD (5.4%). CCD-specific IgE antibodies of all types were detected for each type of pollen. Positive detection rates for anti-CCD antibodies were relatively more prevalent in ragweed (bromelain 6, 54.5%) than orchard grass (HRP 7, 23.3%) and Japanese cedar (HRP 10, 12.7%). MUXF was less frequently detected in comparison to the other pollens tested ([Table 1](#T1){ref-type="table"}).

Analysis in a population from a company health screening
--------------------------------------------------------

### Expression analysis of pollen allergen-specific IgE antibodies in the serum

Serum samples from employees who participated in a health screening were measured to determine the prevalence of CCD-related antigen-specific IgE antibodies in a general adult population. These subjects were also tested for pollen allergen-specific IgE antibodies and were given a questionnaire about pollen allergens to investigate a possible association with pollen allergies. Additionally, these test results were evaluated based on the presence of asthma symptoms, smoking and drinking habits, serum cholesterol and neutral fat levels, obesity, prevalence of pollen allergies, and the detection frequency of CCD. In this study, reviews of previously published reports on CCD are also included.

Three hundred twenty-two subjects were classified into 3 different groups: group 1, with subjective symptoms and a definitive diagnosis of pollen allergy, i.e., diagnosis by a doctor (n = 57); group 2, with subjective symptoms and without definitive diagnosis (n = 100); and group 3, without subjective symptoms (n = 165). The prevalence of pollen-specific IgE antibodies in groups 1, 2, and 3, respectively, were as follows: 82%, 79%, and 68% for Japanese cedar; 61%, 68%, and 55% for Japanese cypress; 23%, 34%, and 19% for orchard grass; and 5%, 11%, and 6% for ragweed ([Table 2](#T2){ref-type="table"}). The numbers of positive cases for one or more types of pollen-specific IgE antibodies was 47 of 57 in group 1, 81 of 100 in group 2, and 115 of 165 in group 3.

There was no significant difference in the presence of asthma symptoms, smoking and drinking habits, serum cholesterol and neutral fat levels, obesity, prevalence of pollen allergy, and the detection frequency of CCD (data not shown).

### Expression of CCD-related antigen-specific IgE antibodies in pollen-specific IgE positive subjects

The prevalence of CCD-related allergen-specific IgE antibodies in pollen-specific IgE positive subjects was determined. The prevalence of CCD-specific IgE antibodies in group 1 (n = 47), group 2 (n = 81), and in group 3 (n = 115), respectively, was as follows: 4%, 5%, and 3% for MUXF; 11%, 5%, and 10% for bromelain; 11%, 16%, and 18% for HRP; and 6%, 5%, and 6% for ASOD ([Table 3](#T3){ref-type="table"}).

### Cross-reactivity between pollen-specific IgE antibodies and CCD-related allergens

CCD inhibition tests were conducted to investigate the presence of cross-reactivity between pollen-specific IgE antibodies and CCD-related antigens. Twenty samples that were positive for specific IgE to Japanese cedar, Japanese cypress, orchard grass or ragweed, and having a CCD-related antigen-specific IgE antibody titer ≥0.35 IU~A~/mL were evaluated. All 20 samples tested positive for the specific IgE to Japanese cedar and there was no inhibition by any of the CCD-related allergens ([Table 4](#T4){ref-type="table"}). Of 19 samples that were positive for specific IgE to Japanese cypress, 2 samples were inhibited by HRP (10.5%) ([Table 4](#T4){ref-type="table"}). Of 10 samples that were positive for specific IgE to orchard grass, 1 sample was inhibited by HRP (10%) ([Table 4](#T4){ref-type="table"}). Of 7 samples that were positive for specific IgE to ragweed, 1 sample (28.6%) was inhibited by HRP and ASOD each. No inhibition was induced by MUXF or bromelain ([Table 4](#T4){ref-type="table"}). These results demonstrate that Japanese cedar specific IgE antibodies do not cross-react with the CCD-related antigens used in this study. However, Japanese cypress and orchard grass specific IgE antibodies may have limited cross-reactivity with HRP, and ragweed specific IgE antibodies may have limited cross-reactivity with HRP and ASOD.

### Expression analysis of food-specific IgE antibody

Wheat and soybean are important allergens in food allergies. It has been reported that soybean-specific IgE antibodies may also bind to CCD. As with pollen-specific IgE testing, it is known that there can be false positives for soybean, where patients may have no allergic symptoms despite the detection of specific IgE to soybean. In this study, we also investigated the relationship between food allergens (wheat and soybean) and CCD-specific IgE antibodies in 322 subjects. A small number of specific IgE positive results were observed for wheat in 5 (2%) and for soybean in 12 individuals (4%). Additionally, at least 1 type of CCD-related specific IgE antibody was detected for all samples (100%) ([Table 5](#T5){ref-type="table"}). However, none of these positive subjects had any subjective symptoms for soybean or wheat allergies.

DISCUSSION
==========

In this study, first, we evaluated our patients who showed subjective symptoms of pollen allergy. The prevalence of pollen-specific IgE antibodies was 61.2% for Japanese cedar, 23.3% for orchard grass, and 8.5% for ragweed. Both pollen and CCD-related antigen specific IgE antibodies were detected in some patients. The detection rate for CCD-related antigen-specific IgE antibodies, where bromelain was more frequently detected than other CCDs, was higher in patients with ragweed pollen allergy than in those with orchard grass and Japanese cedar pollen allergies ([Table 1](#T1){ref-type="table"}). MUXF-specific IgE antibodies were detected more frequently in allergies to ragweed pollen than any other ([Table 1](#T1){ref-type="table"}). These results, from the viewpoint of antigenicity, suggest that epitopes are shared between ragweed pollen- and CCD-related allergen-specific IgE antibodies. These results also indicate that specific IgE antibodies to ragweed pollen and CCD related allergens antibodies are more likely to cross-react.

We also evaluated the detection rates for pollen- and CDD-specific IgE from the serum of company employees who attended their company\'s health screening. The prevalence of specific IgE antibodies to Japanese cedar, Japanese cypress, orchard grass, and ragweed pollen were almost the same, regardless of the presence of subjective symptoms ([Table 2](#T2){ref-type="table"}). In this study, the prevalence of specific IgE antibodies was high in patients without subjective symptoms. Interestingly, the prevalence of CCD-related antigen-specific IgE antibodies was equivalent to or slightly higher in the group without subjective symptoms than in the group with subjective symptoms ([Table 3](#T3){ref-type="table"}). It was unclear whether each of the pollen-specific IgE antibodies binds directly to the CCD-related antigens. However, these results suggest that cross-reactivity between pollen- and CCD-related allergen-specific IgE antibodies can be one of the causes of false positive results in specific IgE antibody testing.

We performed an *in vitro* experiment to evaluate the cross-reactivity between pollen-specific IgE antibodies and CCD-related antigens. As shown in [Table 4](#T4){ref-type="table"}, in this study, Japanese cedar pollen-specific IgE antibodies did not cross-react with any CCD-related antigens, suggesting that the reactivity of Japanese cedar-specific IgE antibodies to these allergens may significantly depend on the peptide structure (amino-acid sequences and conformation). Cross-reactivity was observed for Japanese cypress- and orchard grass-specific IgE antibodies with HRP, and for the ragweed-specific IgE antibody with HRP and ASOD in some cases ([Table 4](#T4){ref-type="table"}). This suggests that while the reactivity of these pollen-specific IgE antibodies most likely depended on the peptide structure of allergens, pollen-specific IgE antibodies for which reactivity depended on CCD may also have been produced in some patients. Thus, CCD can be clinically applied for developing therapeutic agents for treating patients with pollen-specific IgE antibodies that cross-react with CCD-related antigens. Specifically, administration of CCD-related antigens to patients with pollen allergy during the pollen seasons, may contribute to inhibiting the induction of type I hypersensitivity through the binding of IgE antibodies in those patients with the CCD-related antigens instead of the pollen allergens. To this end, it is inevitable to identify CCD-related antigens that are harmless to the human body and can bind efficiently to pollen-specific IgE antibodies.

To investigate a possible association with food allergy, we evaluated 12 patients who were positive for soybean-specific IgE antibodies and 5 patients who were positive for wheat-specific IgE antibodies, for the titers of CCD-specific IgE antibodies; it was found that all these patients were positive for CCD-specific IgE antibodies as well. However, these patients showed no subjective symptoms from soybean or wheat allergies; therefore, these results may be false positives due to the cross-reactivity of CCD-related antigen-specific IgE antibodies to soybean and/or wheat allergens. Hence, it is suggested that an epitope of a CCD-related antigen-specific IgE antibody is more similar to those of soybean- and wheat-specific IgE antibodies than to pollen-specific IgE antibodies. We also evaluated the expression of CCD-related antigen-specific IgE antibodies in a general population of Japanese adults in addition to patients with pollen allergy. It was demonstrated that the detection rate for CCD-related antigen-specific IgE antibodies in the general population was higher than those for soybean and wheat, even though it was not comparable to the pollen-specific IgE antibodies. The limitations of our work were that data from average adults was obtained by questionnaires. Ideally, all 322 employees can receive a medical check by a doctor, and also we can perform skin test as additional examination. These are next task.

Conventionally, while the cross-reactivity of CCD-related-specific IgE antibodies to pollen allergens was considered as one of the possible causes of false positives in pollen-specific IgE antibody testing, cross-reactivity was not actually observed with Japanese cedar pollen. However, it has been demonstrated that cross-reactivity can be slightly observed for ragweed, Japanese cypress, and orchard grass with HRP and ASOD. In conclusion, careful evaluation of patient IgE results should be performed for Japanese cypress, orchard grass, and ragweed.

###### CCD-specific IgE antibodies in for each type of pollen
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Values are presented as number of cases (%).

CCD, cross-reactive carbohydrate determinants; HRP, horseradish peroxidase; ASOD, ascorbate oxidase.

###### Positive rate of pollen-specific IgE antibodies based on subjective symptoms at the time of medical examination
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Values are presented as number of cases (%).

###### Positive rate of CCD-specific IgE antibodies based on subjective symptoms at the time of medical examination
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Values are presented as number of cases (%).

CCD, cross-reactive carbohydrate determinants; HRP, horseradish peroxidase; ASOD, ascorbate oxidase.

###### Inhibition tests of pollen-specific IgE antibodies by CCD antigens
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CCD, cross-reactive carbohydrate determinants; HRP, horseradish peroxidase; ASOD, ascorbate oxidase.

###### Relationship between food-specific IgE antibody-positivity and CCD-specific IgE antibodies

![](apa-7-29-i005)

CCD, cross-reactive carbohydrate determinants; HRP, horseradish peroxidase; ASOD, ascorbate oxidase.
